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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtain
acre 4,047 square meter
acre-foot 1,233 cubic meter
cubic foot per second 0.02832 cubic meter per second
cubic yard 0.7646 cubic meter
foot 0.3048 meter
foot per mile 0.1894 meter per kilometer
foot per second 0.3048 meter per second
inch 25.4 millimeter
mile 1.609 kilometer
square mile 2.590 square kilometer
ton (short) 0.9072 megagram
ton per acre 0.0002241 megagram per square meter

Temperature can be converted to degrees Celsius (°C) or degrees Fahrenheit (°F) by the equations:
°C=5/9 (°F-32)
°F = 9/5 (°C) + 32.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level
nets of both the United States and Canada, formerly called Sea Level Datum of 1929.
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GLOSSARY

Although much of the terminology used in this report is
widely understood, some terms have specialized meanings
in hydrology or are unfamiliar outside of hydrologic usage.
The definitions given here are from Langbein and Iseri
(1960), with slight modifications, and explain the terms as
they are generally used by hydrologists in the U.S. Geologi-
cal Survey.

Absorption The entrance of water into the soil or rocks by
all natural processes. It includes the infiltration of
precipitation or snowmelt.

Bank The margins of a channel. Banks are called right or
left as viewed facing the direction of the flow.

Cubic feet per second A unit expressing rates of
discharge. One cubic foot per second is equal to the
discharge of a stream of rectangular cross section, 1
foot wide and 1 foot deep, flowing water an average
velocity of 1 foot per second.

Current meter An instrument for measuring the speed of
flowing water. The U.S. Geological Survey uses a
rotating cup meter.

Discharge In its simplest concept, discharge means
outflow; therefore, the use of this term is not restricted
as to course or location, and it can be applied to
describe the flow of water from a pipe or from a
drainage basin. If the discharge occurs in some
course or channel, it is correct to speak of the discharge
of a canal or of a river.

Drainage area The drainage area of a stream at a specified
location is that area, measured in a horizontal plane,
that is enclosed by a drainage divide.

Drainage basin A part of the surface of the Earth that is
occupied by a drainage system, which consists of a
surface stream or a body of impounded surface water
together with all tributary surface streams and bodies
of impounded surface water.

Flood An overflow or inundation that comes from a river
or other body of water (Barrows, 1948, p. 4) and
causes or threatens damage. Any relatively high
streamflow overtopping the natural or artificial banks
in any reach of a stream (Leopold and Maddock, 1954,
p. 249-251).

Flood plain The lowland that borders a river, usually dry
but subject to flooding (Hoyt and Langbein, 1955,

p. 12).

Flood stage The stage at which overflow of the natural
banks of a stream begins to cause damage in the reach
in which the elevation is measured (U.S. Weather
Bureau).

Isohyetal map A map or chart showing lines that join
points that received the same amount of precipitation.

Overland flow The flow of rainwater or snowmelt over the
land surface toward stream channels.

Regulation The artificial manipulation of the flow of a
stream.

Reservoir A pond, lake, or basin, either natural or
artificial, for the storage, regulation, and control of
water.

Runoff That part of the precipitation that appears in
surface streams.

Stage The height of a water surface above an established
datum plane (also gage height).

Stage/discharge curve A graph showing the relation
between the gage height, usually plotted as ordinate,
and the amount of water flowing (discharge) in a
channel, expressed as volume per unit of time, usually
plotted as abscissa.

Stage/discharge relation The relation expressed by the
stage/discharge curve.

Streamflow The discharge that occurs in a natural
channel. Although the term discharge can be applied
to the flow of a canal, the word “streamflow” uniquely
describes the discharge in a surface stream course.
The term "streamflow"” is more general than runoff, as
streamflow may be applied to discharge whether or
not it is affected by diversion or regulation.

Streamflow-gaging station A gaging station where a
record of discharge of a stream is obtained.

Surface runoff That part of the runoff that travels over the
soil surface to the nearest stream channel. It also is
defined as that part of the runoff of a drainage basin
that has not passed beneath the surface following
precipitation.

Surface water Water on the surface of the Earth.

Water equivalent of snow The amount of water that
would be obtained if the snow should be completely
melted. Water content may be merely the amount of
liquid water in the snow at the time of observation
(Wilson, 1942, p. 153-154).
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Reclamation (USBR), and other Federal or local agen-
cies. NOAA, in addition to collecting and compiling
data on meteorological phenomena, also collects data
on stream stages in some areas. The data presented
herein were collected, computations were made, and
most of the text was written by USGS personnel
located in offices in or near the flooded areas.

Previous Reports

During the 1950's and 1960's, the USGS summa-
rized floods of each year in an annual series of Water-
Supply Papers entitled, "Summary of Floods In the
United States."” A summary was published for each
calendar year from 1950 through 1969. Water-Supply
Paper 1137-, the first in the series (U.S. Geological
Survey, 1954), states the purpose of the series as
being:

To assemble in a single volume information relat-

ing to all known severe floods in the United States

whether local or of wide areal extent. For floods
that are described in ... other publications of the

Geological Survey or in reports by other Federal

and State agencies, only very brief mention

inciuding references to the reports containing
detailed descriptions, will be given here. Local
floods for which no individual reports have been
prepared are described briefly.
In the first volume of that Water-Supply Paper series,
each flood was described in a maximum of three or
four paragraphs. Later volumes contained longer arti-
cles including maps.

The series was discontinued after the 1969 vol-
ume; however, in 1987 a program was begun to pre-
pare and publish summaries for 1970 and succeeding
years. Much of the following explanation is para-
phrased from Byron N. Aldridge (U.S. Geological
Survey, written commun., 1993) and from the pub-
lished report for 1968 (Rostvedt, 1972).

Determination of Flood Discharges

The maximum elevation of the floodwater surface
(stage) at a certain location along the stream often is
used as a reference for comparison with other floods.
However, stage is affected by changes in the shape and
slope of the stream channel, which usually occur over
time.

The usual method of determining stream dis-
charges at a streamflow-gaging station is the

application of a stage-discharge relation to a known
stage. This relation usually is defined by current-
meter measurements made through as wide a range of
stage as possible (fig. 2). If the maximum discharge
exceeds the range of the current-meter measurements,
short extensions may be made to a graph of the stage-
discharge relation by logarithmic extrapolation, by
velocity-area studies, or by the use of other measur-
able hydraulic factors (Kennedy, 1983).

Maximum discharges that are greatly above the
range of the defined stage/discharge relation at gaging
stations and maximum discharges at miscellaneous
sites that have no developed stage/discharge relation
generally are determined by various types of indirect
measurements. In addition, adverse conditions often
make it impossible to obtain current-meter measure-
ments at some sites during major floods. Maximum
discharges at these sites are determined, after the
floods have subsided, by indirect methods, which
involve determining water-surface elevations from
high-water marks, surveying cross sections, and com-
puting discharge from hydraulic equations. Indirect
methods are described by Dalrymple and Benson
(1967), Hulsing (1967), Matthai (1967), Bodhaine
(1968), and Benson and Dalrymple (1987).
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Figure 2. Example of a stage-discharge relation and
upward extension.
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The accuracy of indirect measurements depends
on site conditions and the experience of personnel who
select sites and make the surveys, and generally is
poorer than for current-meter measurements. The
indirect measurements used in determining maximum
discharges for floods are not identified as such in this
volume. Information as to the source and quality of
discharge data in this volume can be obtained from the
USGS office in the State in which the reported flood-
determination site is located.

Explanation of Data

Floods are described in this volume in chronologi-
cal order. Because the type and the amount of infor-
mation differ for the floods, the form of reporting is
not completely consistent for all the events.

The data provided for each flood include, if avail-
able and applicable: (1) descriptions of the storm, the
flood, and the flood damage; (2) a map of the flood
area showing flood-determination sites and, for some
storms, precipitation data sites or lines of equal precip-
itation; (3) rainfall amounts and intensities; and (4)
maximum stages and discharges for the streams
affected. Stage and discharge data may be available
for more sites than are included in this report. Such
data are contained in USGS Water-Resources Data
Reports for the respective States.

When ample rainfall data are available, they may
be presented in tabular form and show daily or storm
totals. When sufficient data are available to determine
the pattern and distribution of rainfall, a map showing
the distribution may be included.

A summary table of maximum stages and dis-
charges is given for each flood, except where the num-
ber of flood-determination sites in the article is small
and for which the information is included in the text
description. In the table (an example is shown in table
1), the first three columns identify the site, which may
be a continuous-record streamflow-gaging station, a
partial-record station, or another site at which data
have been obtained. The number in column 1 identi-
fies the site on the map that appears in the article. The
second column gives the USGS station number
(downstream-order number) if such a number has been
assigned. The third column gives the name of the gag-
ing station or flood-determination site.

Drainage area in the summary table is the area, as
measured on a flat projection map, that would contrib-
ute surface runoff to the indicated site on the stream.

4 Summary of Floods in the United States During 1990 and 1991

The given drainage area may be smaller than the total
drainage area if the total area includes areas of
extremely rapid infiltration rates that do not produce
surface runoff, or closed subbasins that retain all their
inflow.

The column headed "Period" shows the calendar
years prior to the described flood for which the stage
or discharge shown in the seventh and eighth columns
are known to be a maximum. For most sites, this
period corresponds to the period of systematic collec-
tion of streamflow data. For other sites, written or oral
history may indicate that a flood stage was the highest
since people have observed the stream or was the
highest since some known date. For some sites, two or
more periods are given. The use of two periods sepa-
rated by a comma indicates a break in the period of
record. Maximum stages or discharges during the
intervening period are unknown. Two overlapping
periods may be shown when the stage is the maximum
for one period and the discharge is the maximum for a
shorter period. This is the case when the stage for a
large flood that occurred prior to the beginning of sys-
tematic data collection is known but the discharge is
not.

The sixth column shows the calendar year in
which the maximum stage and discharge for the indi-
cated period occurred. The seventh and eighth col-
umns show the stage and discharge of that maximum.
Separate listings are made when maximum stage and
maximum discharge did not occur concurrently. An
effort was made to use stages that were measured rela-
tive to the datum in use at the time of the flood being
described or to indicate by a footnote that a different
datum was used.

The last four columns present data for the maxi-
mums during the described flood or floods. The data
include the date on which the maximum occurred,
maximum stage, maximum discharge, and, where
available, the recurrence interval of the discharge.

The probability of a given discharge being equaled
or exceeded in any given year frequently is used as an
indication of a flood's relative magnitude and for com-
parison with floods at other sites. The relative magni-
tude also can be expressed in terms of recurrence
interval, which is the reciprocal of the flood probabil-
ity. A third way of expressing the relative flood mag-
nitude is the percent chance of occurrence, which is
100 times the flood probability. A discharge that will
be equaled or exceeded on an average (over a long
period of time) of once in 10 years has a recurrence
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interval of 10 years, is termed a "10-year flood," has a
probability of 0.10, and has a 10-percent chance of
occurring in any given year. A 100-year flood has a
recurrence interval of 100 years, a probability of 0.01,
and a 1-percent chance of occurrence in any given
year. Because recurrence interval is most commonly
used by Federal agencies (for example, in the context
of flood insurance), it is used in this volume even
though the use of percent chance would avoid the
unintended connotations of regularity of occurrence
that may accompany the term "recurrence interval."

Equivalence of flood probability and percent-
chance values to selected recurrence-interval values
are as follows:

Percent chance Recurrence

in given interval

Probability year (years)
0.50 50 2
20 20 5
.10 10 10
.04 4 25
.02 2 50
01 1 100

Recurrence intervals during any given flood may dif-
fer from site to site because of nonuniform distribution
of runoff and uncertainty in the computed recurrence
values. Operational patterns for reservoirs generally
are not defined adequately to permit recurrence inter-
vals to be computed for maximum discharges on regu-
lated streams.

In addition to probability or percent chance of a
given magnitude of discharge occurring in any 1 year,
it is useful to know the probability or percent chance
of occurrence during a given period of consecutive
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years. Results of such calculations for selected
combinations of recurrence interval and length of
period are as follows:

[* means greater than 99.9 but less than a 100-percent
chance]

Recur- Percent chance for indicated time period,
rence in years
interval
(years) 5 10 50 100 500
2 97 99.9 N * .
10 41 65 99.5 * *
50 10 18 64 87 *
100 5 10 39 63 99.3

In addition to comparison of the magnitude of a
flood at one site with earlier floods at the same site and
comparison of a flood discharge at one site with those
at other sites by comparison of recurrence intervals, it
is possible to compare the magnitude of a flood with
maximum known discharges in a large region. This
type of comparison may be particularly useful for dis-
charges whose recurrence intervals have not been
determined or are so large that their recurrence
intervals are shown in this volume as ">100" (greater
than 100 years). Comparisons to maximum known
discharges in a large region can be made by using the
report by Crippen and Bue (1977), which contains
graphs showing flood-envelope curves for the conter-
minous United States divided into 17 regions. A
flood-envelope curve is drawn on a graph in which
maximum known discharge is plotted against drainage
area for stream sites having extremely large dis-
charges; the graph and curve for one region are shown
in figure 3. The envelope curve is a smooth curve
drawn to exceed all the plotted discharges in relation
to the drainage areas.
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Figure 3. Maximum discharge versus drainage area and
envelope curve for a region (modified from Crippen and Bue,
1977, p. 15).
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Table 2. Precipitation totals for January 3-10, 1990,
at selected precipitation data sites in northwestern
Oregon and southwestern Washington

[Data from National Oceanic and Atmospheric Administration, 1990a,b]

Site no. Precipitation
(fig. 4) Precipitation data site (inches)
1 Tillamook 1 W 103
2 Lees Camp 18.4
3 Nehalem 9 NE 16.6
4 Grays River Hatchery 143
5 Toledo 7.1
6 Rainier Ohanapecosh 124
7 Centralia 8.0
8 Olympia WSO AP 8.6
9 Buckley 1 NE 6.9
10 Snoqualmie Falls 9.7

Agency Region X, 1990a). Damage to roads and rail-
roads was extensive in both States. Interstate High-
way 5 (I-5), the principal north-south highway in
western Oregon and Washington, was closed for sev-
eral days between Chehalis and Centralia, Washing-
ton, due to flooding. The highway was inundated with
about 5 feet of water in that area. Four persons in the
State of Washington lost their lives in the floods.

As a result of the flood damage, a disaster declara-
tion was issued by the President of the United States
for two counties in Oregon and six counties in Wash-
ington. The two counties in Oregon were Clatsop and
Tillamook; the six counties in Washington were Grays
Harbor, King, Lewis, Pierce, Thurston, and Wahkia-
kum. Damage figures recorded for those counties are
shown in table 4. The values shown in table 4 were
obtained from the Federal Emergency Management
Agency Region X (1990a,b) and from Lora Murphy
(Washington State Department of Emergency Man-
agement, written commun., 1990). Only those dam-
ages exceeding $50,000 are shown in the table,
although there were many other damages of lesser
amounts reported from other towns and utilities. Total
flood damage for both States exceeded $19 million.
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Figure 5. Daily precipitation at Grays River Hatchery,
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1990b).

10,000

.

8,000

6,000

4,000

2,000

DISCHARGE, IN CUBIC FEET PER SECOND

JANUARY 1990

Figure 6. Instantaneous discharge of Naselle River near
Naselle, Washington (site 1, fig. 4), January 3-10, 1990.

declaration, State of Oregon, Tillamook and Clatsop
Counties: FEMA-853-DR-OR, 30 p.

Hubbard, L.L., 1991, Floods of January 9-11, 1990 in
northwestern Oregon and southwestern Washington:
U.S. Geological Survey Open-File Report 91-172,

10 p.

National Oceanic and Atmospheric Administration, 1990a,
Climatological data, Oregon, January 1990: Asheville,
N.C., National Climatic Data Center, v. 96, no. 1, 35 p.

1990b, Climatological data, Washington, January
1990: Asheville, N.C., National Climatic Data Center,
v.94,n0. 1, 25 p.

1990c, Hourly precipitation data, Oregon, January
1990: Asheville, N.C., National Climatic Data Center,
v. 40, no. 1, 36 p.

Floods of January 9-11, 1990, in Northwestern Oregon and Southwestern Washington 13



Usem

0s 008'vt $0'8C 6 000°LS 0'1¢ £€61 68161 816 ‘dnredng 18 19au dnjeAng 00S10121 SI
or> £L9 9L'¢ 6 e 8IS ¥861 68-LL61 29 “ysep ‘Aopiong 18 yoa1) asiog 00966021 ¥1
68-8861 “Ysep ‘ourelq
01 0ge's ssee 6 0589 - SS61 ‘1L-0S61 S6L INog Je Y931 Surelq yinos 00056021 €1
“USeM
01 009°11 6£°01 6 00€°ST 811 7961 68-1€61 TLI ‘uniQ resu 1aary dnjredng 00$£6021 4!
68-LS61
‘81—Sp61 “ysem
ST 0066 - 6 00801 - 6561 ‘ST-8061 876 ‘uono3[y reau 1oau dnjredng 00026021 11
“Usemy
001 008°€1 96°¢1 6 ovL'6 - 7L61 68-¥61 TSL ‘[BIDUIA JeaU Y1) [eIduly 000£80T1 01
“Ysep\ ‘TeuoneN
ST 00S‘p1 o1t 6 001°LY 96'11 LL6T 68-TH61 €el Ieau 12ATy A[renbsiN 00528021 6
uiseq JIARY AjjenbsiN
63-L861 "ysepm
001 0096 10°L1 6 08L‘L 89°G1 vL61 ‘T8-6¥61 8'68 ‘Iaturey JEdU I9ATY SANYdsaq 000620T1 8
uiseq IIARY sANYISIQ
"Usepm
001 00¥09 ST 11 009°sS 88°¢T TL61 68-CS61 $6T‘1 ‘191104 J& I9ATY SI[eYay) 0001€02C1 L
“USep ‘PUNON
001 00L‘89 P61 01 009°1S 181 9861 68-8261 $68 pueID 13U I2ATY SI[RYSYD) 00SL202C1 9
"Usep ‘TIBA
0z 0ge’s 1001 6 0069 £6°01 TL61 68-L961 oov Teau ISATY FOnyownyooys 00L52021 S
"ysep ‘steysy)
0 00+°01 SLTT 6 00L°01 9LTl 9861 68-TH61 SS1 TEU J9ATY WNNemaN 0005201 14
“Usem
001 00S°LT 96°61 6 008°CT 9¢°81 TL61 68-6£61 €11 ‘A10(7 Teau JOATY SHEYSYD 00002021 £
uiseq JARY SHEYIY)
“ysepm
ST 00LT1 90'+¢C 6 00¥11 The 6¥61; 686161 o€l ‘ede[p Jeau 1Ay vde[Im 00s€1021 4
uiseq JIArY edefjip
"Usem
ST 0S€'6 L9'91 6 001°11 - Se61 68-6761 84S ‘3[[esEN IBaU IATY I[[3SEN 00001021 I
=_wwm .—9&“ 0—_332
(sseah) (s/cW) () Keg (s/e) ) Jeap pouad (z1w) uoneujULIBIdP ‘'ou uopels (v °6y)
sjeasajul  ableyosiqg abeis abieyd abejs eale aoeld pue weass ‘ou
aouasnoal -s1q abeureiq aus
abieyasig

0661 Asenuep Buunp wnwixep

0661 Atenuer o} Joud wnuwixep

[saseq eep 1o spodar £aAIng [20150]030) S* ) WOIJ BIRp Y10
‘e1ep K9AIng [£0150[030) *§°() WO} PAJR[NO[ED S[BAIIUI JDUILINDIY :32INOS "UBY) SSI *> ‘a[qesrdde jou 10 pauTuIInlap 10U ‘-~ puodsas 1ad 193] d1qnd S/ “Wnep AIeNIqIe UE 9AOQE 199) '}j SA[IW arenbs ]

uojbuiysepn uigisamyinos pue uobal( uidISemyuou Ul ‘a661 ‘1 1-6 Adenuep Buunp pue o} Joud sableyosip pue sabels wnuwixey °¢ a|qel

Summary of Floods in the United States During 1990 and 1991

14



‘paystqnd A[snoraaxd anfea woijy pastaoy,
*03€1S JaMO] € 18 9961 UT POLINDJ0 OS[E $/1J O0F' 11 JO 38xeyosip v,

210

44 002°0€; ¥$'91, 6 0009€ 1691 L6l 68—C€61 191 JOOowe[[LL, JEaU JSATY UOS[IM 00ST10EY1 €T

uiseq JaAny UOoS[IAA
001 §.mm~ LO'ST 6 006°9% 1ree L6l 68-6£61 L99 ‘10 ‘sSOY TeaU JOATY WATRYIN 000101 (44
-.-_wuﬁ ALY wWI[BYIN

Ysemy

0¢S 001°0¢ 92Cl 6 00L1C 86°CI vL61 686061 1z¢ ‘S[puey 183U 1ATY snds1) 00Sceeyl 1T
68-6261 “ysep ‘poomded

01> 008 Pe1l 6 009°9¢ 00°€l ££61 ‘0z-T161 L8T Je9U JOATY ZH[MOD 00S9¢Tr1 (114

uiseq J3ARY ZIMo)

- £6°6S g6l “Ysep| ‘Uoneure)

0l 006'8% 90°6S 6 005°6S - (4%} 06—8761 €09 Teau J9ATY nuenbous 0006¥1¢1 61
gsem

0S o9y 09 6 0€€’S LT9 9861 68-St61 9°0¢ A1) [1e Jeau 1oary SuiSey 00SSH1ZI 81

uiseq J3ARy Yysimioyouy

"YSep\ ‘uIngny Iesu 19

001 0SL1 SS'L 6 060°1 L1'9 L6l 680961 L'99 -yoley 2A0qE JIRID soog Sig 00921121 L1
Ysem

(014 000t 8T8 6 000°ce - 6561 68—-S161 9 ‘1915 8ol IOATY UIBID 00S+01¢C1 91

uiseq JIAIy ysiaemnd
(s1eak) (s/ch) ) Aeg (s/cw) (u) Jeap pouad (zw) uoneujuBIep ‘ou uopels (v ‘By)
sjensoiur  abieyos)q ebels abieyo abelg paJe aoe|d pue weans ‘ou
82UaNI3) -sia abeureiqg s
abieyosig

0661 Aenuep Buunp wnwixepw

0661 Adenuep 03 Jod wnwixep

panuiuon—uolbulysepn uislsemyinos pue uobai(y uieisemyuou ul ‘0661 ‘I 1—6 Adenuep Buunp pue o} Joud sabreyosip pue sefels wnwixey ‘¢ ajqeL

15

Floods of January 9-11, 1990, in Northwestern Oregon and Southwestern Washington



16

Table 4. Storm damages in excess of $50,000
(rounded to the nearest thousand dollars) reported
by towns, cities, counties, and utilities for floods of
January 9-11, 1990, in northwestern Oregon and
southwestern Washington

[Damages resulting from wind and landslides as well as flood damage are
listed, but the majority of the damages are the result of flooding. Source:
Federal Emergency Management Agency Region X, 1990a,b; Lora
Murphy, Washington State Department of Emergency Management,
written commun., 1990]

Location Damages
Oregon
Tillamook County $8,000,000
Clatsop County 367,000
Washington

Lewis County 966,000
City of Chehalis 149,000
City of Centralia 410,000
Lewis County Public Utility 70,000

District #1
Thurston County 166,000
City of Montesano 91,000
Grays Harbor County 346,000
City of Puyallup 82,000
Pierce County 976,000
City of Tacoma 336,000
City of Sumner 74,000
City of Auburn 67,000
City of Tukwila 92,000
City of Renton 108,000
City of Issaquah 98,000
City of Kent 109,000
City of Bellevue 62,000
King County 4,609,000
Wahkiakum County 53,000
City of Pacific 76,000
Sammamish Plateau Water and 85,000

Sewer District
Cedar River Water and Sewer 71,000

District
Port of Seattle 53,000
Seattle Metro 115,000

Summary of Floods in the United States During 1990 and 1991









“pouiad 1oy wnUIXeUr URY) S5,

‘winjep (10) pue s JUAIRJJIp I omm-mn

‘uonengar £q paydajye omb:_umﬁ_m "parewnsy
0z 00L'SS LTI sz 000°59 07T €L61 68—T¥61 081 S[[IAPOOM, I83U IDATY Ofegingd  000S6TLO %4
000°0S1 098, vL61
S 000°€TT LL'TT ST 000°T¥1,, 0£'62 ¥961 68—2561 L8L 11980 1€ JOATY ONTYOOWOH  (00ST6TLO w
€ 008°12Z 66°L1 Szl 00%'SS £5°61, YL61 68—6£61 181 U0I0IPPY 18 JOATY ONIYIOWOH  Q0016TLO 1
uiseq 1ALy OIYIOWOH
00T'v9 T9°vE, €861
ST 00v'Y SL1E ST 000°6t;, oL'vE 9¢61 68—9¢€61 6¥ umMoIIAL Teau oy anSog  00SO6T0 0z
S 00€'6 0EvL sUl 00t'ST 9L°81 vL61 68—9961 (31 S[BA NBQ Tedu Yoa1) pues MYM  00L88HTO 61
000721 80°VE,, 6L61
0z 00b'EL 76T ST - 0S'+E PL8T 6861—PL81 €661 O[[9oNUON JEU AR [Je3d  00S88HT0 81
01 008°'8S 0TvE LT 000°€T1; £8'TY 6L61 6861—bL81 955'y vodooy 18 10ATY [183d 00088120 L1
uiseq J3Ary jaedg
4 0LY'6 LY'0T 9/ 00STH 96'67 £861 68—1961 993 ukpjoorg Teau Y221 Joeld O 16LHT0 91
¥ 00¥'+8 964 0¢/1 000°0€2 0S°TE 0061 6861—7581 065°9 [ILIOI I8 19ATY enoSeased  0006LYTO St
€ 00Z'6T 70'8C /T 000°$T1 00'8€ 0061 68—0061 069°C S[[IASINBYT Tedu JoAny Aeymeseoyd  00S8LYT0 12!
€ 0S6°L 9T 6T/1 00T°T1 06'vE 6L61 68—7L61 (434 wequa(y Tedu 901 euunieong  066LLYTO €1
S ovy'9 79'0 SZ/1 00LTT 88+ €161 68—€961  S'SL vINQNYS Teau Y3I1D) wINQNYS  OEELLHTO 41
€ 00881 86°0¢ LT 00L19 ¥6'LE; 6L61 6861—1L81 816 ssudiojug 18 J9ATY Aeymeseor)  QOOLLYTO 4
00502 1512 6L61
14 08L'L £0'61 ST/l - 0z'TL, 1961 68—1961 e [opunIy 18 §0213 32qUEN0O  0099L¥T0 o1
€ 00601 P61 91 0060t ¥9'97 6L61 68—6€61 69¢ AYuny) reou 1ALy ANUNYD  00SSLYTO 6
S 008'SS 0T'sT 62/1 000°1€1 08'1¢ 0061 68—0061 S6v'E UTEOIN JESU IOATY JBaT  000SLYT0 8
€ 0£8°8 or6l 9/ 006°'1T £9°LT £L61 68—1L61 443 uojyory Iedu owoy andog  009PLYTO L
S 00t'¥1 €LET 621 000°8€ 05°0¢; 0061 6361—S881 z19 UMOIS[OUUNY TedU Y331 BIeYR[RL  00SLPTO 9
S 00601 00T 9Z/1 00€'8€ 0092 0z61 6861—0881 8€T [oIme] 18 Y231 Bleye[lel.  00SELPTO S
v 0SL‘9 8£°0T ST 006°L1 81'€T pL61 68—1961 701 druppep 18 Yo21D BIRYR(BL  09bELYTO0 ¥
S 000°TH 0842 LN 000121 €0°'pE vL61 68—0061 8bL' SIngsomeH 18 AT JBT  Q00ELYTO €
S 000°ct 1nze 91 000°0S, 0S°€€, 0061 63—0061 0t Smqsomey Teou yoo1) sinog  00STLYZO 4
14 0010 0€vT LT/ 000'9S 00°€E 9581 6861—9581 £pL SUI[O)) Teaul IoATY JedT  000TLPT0 1
uiseq JIATY e[nodessed
(s1eah) (s/cw) (w) (Aep (s/ew) (W) Jeap pouad (ztw)  uopeujwislep jo adeid pue weass -ou uoners (L °6y)
JeAJajul abieyo abeygs uow) obieyo  abelg eale ‘ou
aJual -sig aeq -sia abeujeiqg e)s
-inoau
abueyasiqg
0661 0661 Aienuep 0} Joud wnwixew

Areniqed 10 Aienuep Buunp wnwixep

[saseq eyep 10 spodax AoAIng [eo180109D) SN

woy eyep JAYIQ “elep LGAINgG [29150[050) "§'() WO PAIR[NOED S[EAIIUI SIUSLINDGY :9DIM0G “PIUTULISIAP 10U “-- {pu0dds 1ad 193] JIqnd ‘s/ 1 ‘wimiep AIenIqIe ue JA0qe 139) ‘YJ safjur arenbs ‘]

iddississiy uiayinos ul ‘0661 ‘1 Aenige4-gg Aenuep jo pooy Buunp pue o) Joud sebleyosip pue sebels wnwixep G ajqel

19

Flood of January 25—-February 1, 1990, in Southern Mississippi
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Flood of February 15-20, 1990, in Northwestern Georgia
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i EXPLANATION

. Precipitation Data Site (fig. 9)
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Figure 10. Cumulative rainfall of February 15, 1990, at selected precipitation data sites in southeastern
Mississippi (data from National Oceanic and Atmospheric Administration, 1990b).
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Flood of February 15-23, 1990, in Southeastern Mississippi
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Floods of March 1621, 1990, in Northwestern and West-Central Georgia
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Figure 15. Cumulative daily rainfall for two southeastern Oklahoma precipitation data sites
for April 15 through May 19, 1990 (data from National Oceanic and Atmospheric

Administration, 1990a,b).

River, and the Red River main stem all had unusually
high stages (table 11, sites 16-34). The flood-
determination sites on the Washita River near
Dickson, Muddy Boggy Creek at Unger, Kiamichi
River near Clayton and near Antlers, and the Red
River near DeKalb (table 11; sites 21, 23-24, 26-28)
had new maximum stages and discharges of record.
Flood-determination sites on the Red River down-
stream of Lake Texoma to Index, Arkansas, had the
largest discharges since Lake Texoma was built in
1943 (table 11, sites 25, 28-29, 32-33).

Washita River near Dickson (site 21) also had the
maximum discharge of record, despite several reser-
voirs and hundreds of U.S. Soil Conservation Service
(SCS) floodwater-retarding structures (Federal Emer-
gency Management Agency, 1990). The recorded
stages of the Red River at Index (site 29), at Shreve-
port (site 32), and at Alexandria (site 33) were the
highest since the April 1945 flood, which occurred
shortly after Lake Texoma was built. The flood-
determination site on the Ouachita River near Malvern
(site 34) recorded the highest discharge for the period

of record as a result of the mid-May rainstorm at and
near Hot Springs, Arkansas.

Reservoir information

As in the Arkansas River Basin, the flood-swollen
streams contributed enormous inflows to the reservoirs
in the Red River Basin (fig. 17). Lake Texoma
(table 12, site 37) had the highest flood-pool elevation
since the May and June 1957 flood and established a
new record. Record-high pool elevations also were
experienced at Lake of the Arbuckles, McGee Creek
Reservoir, and Sardis, Hugo, and Broken Bow Lakes
(table 12, sites 36, 38, 40, 41, 43).

For the first time in the history of McGee Creek
Reservoir and Sardis Lake, and for only the second
time in the history of Lake Texoma, water went over
the uncontrolled emergency spillways. Outflow from
Lake Texoma was nearly 5 feet deep in the uncon-
trolled spillway and was a record outflow discharge.
Hugo Lake crested only 0.5 foot below the
uncontrolled spillway.
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Benbrook, Joe Pool, Ray Roberts, Lewisville, Lavon,
and Bardwell Lakes, and Livingston Reservoir
(table 14, sites 6667, 69-71, 73, 75-76).

The flood-pool storage exceeded design quantities
for four Dallas/Fort Worth area lakes—Ray Roberts,
Lewisville, Grapevine, and Lavon (table 14,
sites 70-73; U.S. Army Corps of Engineers, 1990a).
The maximum stage of the Trinity River at Dallas was
reduced about 13 feet by the operation of U.S. Army
Corps of Engineers reservoirs in the upper Trinity
River Basin (Jensen, 1990). Figure 19 shows a com-
parison of the April and May 1990 flood with other
major floods in Dallas during this century and illus-
trates that the maximum discharge would have been
about three times as great without flood-control reser-
voirs in place. About 250 SCS structures in Montague
County also attenuated the flood discharges.

FLOOD DAMAGES

People and property in the flood areas suffered
extensive individual, public facility, agricultural, and
other damages. Individual damages included loss of
life and damage to homes and businesses. Public-
facility damages included damage to roads, bridges,
and other public facilities, such as waste-treatment
plants. Agricultural damages included loss of soil due
to erosion, loss of crops, and loss of livestock. Other
damages included items such as loss of tourism and
damage to the environment.

Oklahoma

Three individuals died due to flood-related causes
in Oklahoma (Federal Emergency Management
Agency, 1990). The Federal Emergency Management
Agency (FEMA) provided disaster assistance in
39 Oklahoma counties (table 15). FEMA provided
$1.8 million for individuals and businesses and
$6.0 million for public facilities (Smith, 1990c).

An estimate of damaged or destroyed private
property is presented in table 16. The town of Moffett,
Oklahoma, on the Arkansas River just upstream of
Fort Smith, Arkansas, was inundated, with damage to
more than 190 homes and damage to schools and busi-
nesses (Beard, 1990).

The Washita River, a Red River tributary, had
record flows near Dickson. Just downstream from that
site, the Burlington Railroad bridge near Ravia was in

danger of being destroyed by floodwaters. The rail-
road parked fifteen 100-ton cars filled with granite
boulders on its trestle over the Washita River to anchor
the bridge; water reached 6 feet up on the cars (Beard,
1990).

Texas

Thirteen people died due to flood-related causes in
Texas (McCartney, 1990). FEMA provided disaster
assistance in 68 Texas counties (table 17)—
$18 million for individuals and businesses and
$12 million for public facilities (Smith, 1990a).

An estimated $500-700 million in flood-related
agricultural losses occurred statewide as crops were

- flooded and livestock were drowned. With the addition

of soil erosion, damage to the environment, losses to
recreation, and property destruction, the total flood
losses could be as high as $1 billion. Because the
floods came just after farmers had plowed their fields
to plant crops, erosion was especially extensive. As
much as 5 tons of soil per acre (soil thickness of a
dime) eroded from Texas croplands. Flooding near the
Red River caused soil loss of as much as 30 tons per
acre (Jensen, 1990). The effects of the flood reached
far into Galveston Bay where floodwaters diluted the
saline water so much that an estimated one-half of the
oyster crop was lost, at an estimated cost of about
$12 million (Jensen, 1990).

Flood losses to individuals and family services
resulted in 1,150 approved grants for a total of
$4.12 million. The storm runoff caused extensive
damage to urban areas in the Trinity River Basin,
especially in the Dallas/Fort Worth metroplex. Much
of the worst flooding was in south Dallas areas that
were not protected by levees. However, flood dam-
ages in the Dallas area could have been much worse if
upstream flood-control reservoirs had not existed
(fig. 19).

Arkansas

One person died of flood-related causes in Arkan-
sas (Lee, 1990). FEMA provided disaster assistance
in 24 Arkansas counties (table 18)—$10 million for
individuals and businesses and $5.5 million for public
facilities (Smith, 1990b). Total losses in Arkansas
were estimated to exceed $250 million. Private-prop-
erty damage (residential, commercial, farm facilities,

52  Summary of Floods in the United States During 1990 and 1991
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Figure 19. Significant flooding of the Trinity River at Dallas,
with comparison of actual discharges and projected
discharges without flood-control reservoirs (source: Jensen,
1990).

Table 15. Oklahoma counties and a city receiving
disaster assistance for the floods of April and May
1990

[Information from U.S. Army Corps of Engineers, 1990c]

Adair Haskell Mclntosh
Atoka Hughes Murray
Bryan Jefferson Okmulgee
Caddo Johnston Payne
Carter Kingfisher Pittsburg
Cherokee Latimer Pontotoc
Choctaw LeFlore Pottawatomie
Cleveland Lincoln Pushmataha
Coal Logan Roger Mills
Cotton Love Seminole
Delaware Marshall Sequoyah
Ellis McClain Stephens
Garvin McCurtain

The City of Bethany, Oklahoma County

Table 16. Private-property damage in Oklahoma
caused by the floods of April and May 1990

[Data from U.S. Army Corps of Engineers, 1990c}

Number of
Apart-
Houses Mobile homes ments
Destroyed 59 39 46
Major damage 290 32 107
Minor damage 437 15 169

Table 17. Texas counties receiving disaster
assistance for the floods of April and May 1990

{Information from the U.S. Army Corps of Engineers, 1990a]

Anderson Henderson Pinto
Angelina Hill Polk
Archer Hood Raines
Bosque Houston Red River
Bowie Hunt San Jacinto
Callahan Jack Shackelford
Cass Johnson Somervell
Cherokee Jones Taylor
Clay Kaufman Tarrant
Collin Knox Throckmorton
Commanche Lamar Tom Green
Cooke Leon Trinity
Cottle Liberty Upton
Dallas Limestone Van Zandt
Denton McLennon Walker
Eastland Maverick Wharton
Ellis Mills Wichita
Erath Montague Wise
Fannin Motley Young
Foard Navarro Brown
Freestone Palo Hansford
Grayson Parker Ochiltree
Hamilton Pecos

crops, and livestock) in Arkansas was estimated at
$35.4 million (U.S. Army Corps of Engineers, 1990b).
Flood losses along the Red River were mostly agricul-
tural—$5.4 million in land, $1.5 million in cattle,
$1.8 million in levee damage, and about $750,000 to
homes (Brown, 1991).

Louisiana

There were no serious injuries or deaths because
of the flooding. Disaster assistance was requested
from FEMA for 11 parishes affected by the flooding of
the Red River in Lousiana (table 19). Agricultural and
rural-development damages accounted for almost all
of the flood losses in the State, and the Governor of
Louisiana applied for an agricultural-disaster declara-
tion from the U.S. Department of Agriculture for these
11 parishes in early May (Morning Advocate, 1990).
In August, he requested an additional 16 parishes be
added to the declaration (Buddy Roemer, Governor,
State of Louisiana, written commun., 1990).

54 Summary of Floods in the United States During 1990 and 1991



Table 18. Arkansas counties receiving disaster
assistance for the floods of April and May 1990

[Information from U.S. Army Corps of Engineers, 1990b]

Benton Jefferson Pulaski
Boone Johnson Scott
Carroll Little River Sepastian
Clay Logan Yell
Columbia Madison

Crawford Marion

Faulker Miller

Franklin Newton

Garland Perry

Hot Springs Polk

control engineers (U.S. Army Corps of Engineers,
1990c).

To illustrate the effectiveness of the reservoir
operations during the April and May 1990 flood, the
maximum inflows and the maximum outflows of nine
critical reservoirs are listed below:

Table 19. Louisiana parishes included in agricultural-
disaster request following the floods of April and May
1990

[Information from Moring Advocate, 1990]

Avoyelles Grant
Bossier Natchitoches
Caddo Rapides
Catahoula Red River
Concordia Winn
DeSoto

The total area affected by flooding in Louisiana
was about 700,000 acres, about 350,000 acres of
which were cleared agricultural lands (U.S. Army
Corps of Engineers, 1990d). More than $10 million in
agricultural losses were attributed to the fiood. Some
parish roads were affected by the flooding; no inter-
state or major highways were damaged.

EFFECTIVENESS OF FLOOD-CONTROL
RESERVOIRS

The flood-control systems in the four-State area
were effective in reducing flood damages. Flows and
releases from the complex reservoir systems were bal-
anced and managed according to reservoir operations
plans. This task required coordination among weather
forecasters, onsite reservoir operators, and reservoir

Flows (cubic feet

Site per second)
no. Maxi- Maxi-
(fig. 16 mum mum
or17) Reservoir inflow! outflow’
Arkansas River Basin
10 Tenkiller Ferry Lake, Okla. 70,000 12,000
12 Eufaula Lake, Okla. 430,000 230,000
13 Wister Lake, Okla. 100,000 25,000
Red River Basin
35 Waurika Lake, Okla. 23,000 2,600
36 Lake of the Arbuckles, Okla. 27,000 4,200
37 Lake Texoma, Tex. 300,000 132,000
38 McGee Creek Reservoir, Okla. 32,000 7,200
40  Sardis Lake, Okla. 114,000 5,500
41  Hugo Lake, Okla. 120,000 35,000

Data from U.S. Army Corps of Engineers, 1990c.

Damages prevented by U.S. Army Corps of
Engineers projects totalled about $220 million in
Oklahoma, $4.2 billion in Texas, and $192 million in
Arkansas (U.S. Army Corps of Engineers, 1991). The
U.S. Army Corps of Engineers and local-interest levee
systems protected 1.3 million acres of land in Louisi-
ana during the flood on the Red River (U.S. Army
Corps of Engineers, 1990d).
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Flood of May 19-21, 1990, in West-Central lowa
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Floods of May 28-30, 1990, in South-Central Ohio
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Figure 26. Cumulative rainfall of May 31, 1990, at precipitation
data site located at the Waterways Experiment Station,
Vicksburg, Mississippi (data from National Oceanic and
Atmospheric Administration, 1990).

Flood of May 31, 1990, in Warren County, Mississippi 75






Floods of June 1990 in lowa

By B.D. Schaap

Widespread flooding occurred across the southern
two-thirds of Iowa from June 16-23, 1990, as exces-
sive rains on June 16 and 17 were followed by addi-
tional rains during the next several days (fig. 27).
There was one report of 5.5 inches of rainfall in about
90 minutes on June 16 in central Towa and several
unofficial reports from across Iowa of more than
12 inches of rainfall throughout a period of several
days. Flooding was particularly severe along a line
from west-central to east-central Iowa. In this area,
new maximum discharges were established at six
flood-determination sites (table 24). At eight sites, dis-
charges equaled or exceeded the 100-year discharge.
The discharge of Duck Creek in Davenport (site 3,
fig. 27), as determined by the U.S. Army Corps of
Engineers, Rock Island District, using indirect meth-
ods, was greater than the 100-year discharge.

Three deaths were attributed to the flooding. A
young girl, who had been wading in the floodwaters,
drowned when she was trapped below the water sur-
face in a culvert (Des Moines Register, June 17, 1990).
A second fatality occurred when a car dropped into a
washed-out section of road and rolled into the ditch,
killing the driver. In another car-related death, the
driver was killed when the car left the road and landed
upside down in a water-filled drainage ditch
(Des Moines Register, June 19, 1990).

On the basis of information provided by the Iowa
Disaster Services Division, more than $88 million in
damages were attributed to the flooding. Agricultural
losses accounted for more than $55 million of the esti-
mated damages (E.M. Gordon, Iowa Disaster Service
Division, written commun., 1991). In addition to
reduced crop yields and property losses, many terraces
were washed out, and soil erosion was severe. Accord-
ing to the U.S. Soil Conservation Service (Des Moines
Register, June 22, 1990), at least 20 tons per acre of
soil were lost from 2.8 million acres of central and
eastern Iowa farmland, and more than 40 tons per acre
were lost from 350,000 acres. The annual soil-replace-
ment rate is only about 5 tons per acre (Des Moines
Register, June 22, 1990).

More than 1,200 homes in Des Moines were
affected by flooding in Walnut Creek (site 38),
Fourmile Creek (site 40), and the Des Moines River
(site 39) (Des Moines Register, June 18, 1990). Flood-
ing in Clear Creek near Coralville (site 11) closed
Interstate 80 for 14 hours (Barnes and Eash, 1994,

p- 6), and many homes and businesses were damaged.
More than 35 homes in the Bettendorf and Davenport
area were destroyed by flooding in Crow Creek (site 2)
and Duck Creek (site 3) (Des Moines Register,
June 21, 1990). The maximum discharges in Crow
Creek and Duck Creek were more than 1.5 times the
discharges of their respective 100-year recurrence
intervals. Duck Creek was 19 feet over flood stage.
The floods of June 16-23 were the most damaging
of the floods that affected Iowa from May 18 through
July 6, 1990. Together, they resulted in 44 of Iowa's
99 counties being declared State disaster areas and
33 counties being declared Federal disaster areas.
Intense thunderstorms produced more than
3.5 inches of rain in 3 hours in the Davenport and
Bettendorf area on June 29, 1990. This led to severe
flooding of Duck Creek and Crow Creek for the sec-
ond time in 2 weeks. Crow Creek at Bettendorf (site 2)
reached a maximum stage of 10.42 feet and a maxi-
mum discharge of 6,690 cubic feet per second. Both
values are second only to the maximums recorded just
2 weeks earlier when the discharge was 1.54 times the
discharge for a 100-year recurrence interval. The
June 29 maximum discharge was 1.34 times the dis-
charge for a 100-year recurrence interval. The flooding
hindered efforts to repair damages from the previous
flood, caused additional damage including washed-out
streets, and caused the loss of electric service to about
4,000 customers (Des Moines Register, June 30,
1990). Davenport and Bettendorf were declared a
disaster area by the President of the United States
because of the flooding on June 16-17 and 29.
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Floods of June and July 1990 in East-Central and Southeastern Nebraska



closest flood-determination site that recorded any
stage increase during this time was the West Fork Big
Blue River near Dorchester (site 8), 40 miles down-
stream from the confluence of School Creek and the
West Fork Big Blue River. During the storm, School
Creek overflowed its banks and flooded the Sutton city
park. The flood-determination site near Dorchester
recorded an increase in flow starting on July 21, with
the maximum stage of 20.58 feet occurring at

9:30 p.m. on July 22. Discharge for this stage was
6,810 cubic feet per second and was determined to
have a 17-year recurrence interval. Total damages in
Clay County as a result of this storm were estimated to
be more than $700,000 and involved businesses, pri-
vate dwellings, public property, county roads, and
rural areas.
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Hazard mitigation opportunities in Nebraska: Federal
Emergency Management Agency, Interagency Hazard
Mitigation Report FEMA-873-DR-NEBRASKA,
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Climatological data, Nebraska, June 1990: Asheville,
N.C., National Climatic Data Center, v. 95, no. 6, 33 p.

1990b, Storm data and unusual weather phenomena
with late reports and corrections: Asheville, N.C.,
National Climatic Data Center, v. 32, no. 7, 170 p.
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Floods of July 1990 in Vermont

By M.F. Coakley and R.O. Brown

Severe thunderstorms in northern and central Ver-
mont on July 4 and July 23, 1990, caused flooding on
July 4-6 and July 23-24. As a result of the storm
damage, the President of the United States declared
the counties of Caledonia, Chittenden, Franklin, Lam-
oille, Washington, and Orange (fig. 33) flood-disaster
areas eligible for public assistance. No injuries or loss
of life because of either storm were reported (Federal
Emergency Management Agency, 1990).

The steep topography of the Green Mountains in
northern Vermont forces unstable air masses to rise up
over the mountains and rapidly form into thunder-
storms that release intense, localized precipitation and
cause substantial runoff. Severe thunderstorms
occurred along a front extending from Fairfax to New-
bury in northern Vermont on July 4, 1990. A second
series of severe thunderstorms developed within the
western part of the same region on July 23, 1990,
especially within Chittenden, Lamoille, and Washing-
ton Counties. The two July storms produced exces-
sive precipitation over localized areas. Recorded
rainfall amounts in the areas of excessive rainfall
ranged from 2.7 to 5.3 inches as a result of the July 4
storm and from 4.5 to 5 inches in less than 12 hours as
a result of the July 23 storm (Federal Emergency Man-
agement Agency, 1990; fig. 33).

Precipitation that is concentrated on the steep
mountain slopes of northern Vermont often results in
extreme discharges and velocities in streams that can
cause erosion and damage to highway structures.
Records for a flood-determination site on the East
Orange Branch at East Orange, Vermont (site 5,
fig. 34), indicate a rapid rise and large volume from
the July 23 storm (U.S. Geological Survey, 1991). A
new maximum instantaneous discharge of 800 cubic
feet per second, which exceeded the previous maxi-
mum of 672 cubic feet per second recorded in 1973,
was established at this site (table 28). Sites on the

North Branch of the Winooski River at Wrightsville
(site 14) and on the Jail Branch at East Barre (site 13)
had maximum discharges on July 5 and July 23,
respectively (table 28). Flood-control structures
upstream of both sites contained the runoff effectively;
however, the maximum discharge of 1,100 cubic feet
per second measured at the North Branch Winooski
site was a new maximum for the period following the
construction of the flood-control structure in 1935 and
exceeded the previous maximum of 1,040 cubic feet
per second recorded in 1936. Other nearby flood-
determination sites, for example Wells River at Wells
River (site 4), had considerably less runoff.

Storm damage was confined principally to roads,
bridges, and culverts in the six-county disaster area.
Towns experiencing the greatest damage were Bolton,
Stowe, and Worcester. Flash floods on small streams
washed out two bridges and several road culverts in
these areas. Total storm damage was approximately
$2.6 million and included damage to roads, bridges,
culverts, and public facilities (Federal Emergency
Management Agency, 1990).

REFERENCES

Federal Emergency Management Agency, 1990, Hazard
mitigation survey team report: FEMA-875-DR-VT,
August 1990, 22 p.

National Oceanic and Atmospheric Administration, 1990,
Climatological data, New England, July 1990:
Asheville, N.C., National Climatic Data Center, v. 102,
no. 7, 64 p.

U.S. Geological Survey, 1991, Water resources data for
New Hampshire and Vermont—Water year 1990: U.S.
Geological Survey Water-Data Report NH-VT-90-1,
148 p.
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Floods of July 12-15, 1990, in Central and Eastern Ohio
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Flood of July 27-August 2, 1990, in Central lowa
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Floods of August 7-14, 1990, in New Hampshire

By K.E. McKenna

Excessive precipitation from storms between
August 7 and 11, 1990, resulted in flooding in the cen-
tral and northern parts of New Hampshire. As a result
of the storm damage, the President of the United
States declared the counties of Belknap, Carroll,
Cheshire, Coos, Grafton, Hillsborough, Merrimack,
and Sullivan (fig. 37) flood-disaster areas eligible for
public assistance (Federal Emergency Management
Agency, 1990).

The precipitation was associated with a low-
pressure system in the lower Great Lakes Region and
with a slow-moving cold front that began moving into
New England on August 6. A convergence zone of air
masses formed between an area of high pressure in the
Canadian Maritime Provinces and a low-pressure sys-
tem and associated cold front in the lower Great Lakes
Region. The convergence zone extended from north-
ern New Hampshire to western Massachusetts and
moved very slowly eastward during the next 36 to
48 hours. Thunderstorms with intense rain developed
and moved northward along the convergence zone
(Federal Emergency Management Agency, 1990).

By 7 am., August 7, the town of Glencliff, New
Hampshire, reported 3.18 inches of rain; the largest
amount reported in New Hampshire for the 24-hour
period beginning at 7 a.m. on August 6. Precipitation
in most areas ranged from 2 to 2.5 inches. During the
daytime of August 7, rain fell at a moderate to intense
rate. The National Oceanic and Atmospheric Admin-
istration issued a flood watch at 12:40 p.m., and flood
warnings by 6:53 p.m. Maximum rainfall totals for
August 7-8 were as follows: 7.65 inches at Bristol,
7.10 inches at Bradford, and 7.06 inches at Plymouth.
Most of this rain fell in one 24-hour period from 7 a.m.
August 7 to 7 a.m. August 8 (fig. 37).

A high-pressure area over the Great Lakes moved
into New England on August 8 and 9, pushing the
cold front eastward into Maine and bringing relief
from the rain in New Hampshire. On August 10, the
maritime high-pressure system strengthened and
pushed the cold front back westward into New Hamp-
shire. The cold front became nearly stationary and
extended from southwestern New Hampshire to Berlin
in the northeast. On August 10, an area of low

pressure formed over the Middle Atlantic States and
moved northeastward along the front bringing addi-
tional rain to New Hampshire. Rainfall amounts

(fig. 38) were approximately equal to or less than the
10-year frequency rainfall; amounts in isolated small
areas exceeded the 100-year frequency rainfall (Fed-
eral Emergency Management Agency, 1990).

Stream-discharge data correlated with basinwide
rainfall data for the August storms. Records for the
flood-determination sites on the Smith River near
Bristol (site 7, fig. 39) and West Branch Warner River
near Bradford (site 11) indicated discharges of a
5-year recurrence interval as a result of the August 6-8
rainfall and runoff. Records for the Lucy Brook near
North Conway flood-determination site (site 2) indi-
cated a new maximum instantaneous discharge of
2,660 cubic feet per second on August 11, which
exceeded the previous maximum of 1,320 cubic feet
per second recorded in 1979 (table 32). The recur-
rence interval for the Lucy Brook flood of August 11
was greater than 100 years. On the same day on the
nearby Ellis River near Jackson (site 1), runoff was
considerably less than in Lucy Brook, indicating that
only a small isolated area in the upland area near Lucy
Brook was affected by the August 1011 rainfall. Dis-
charges from most other flood-determination sites
(table 32) had recurrence intervals of about 2 years or
less for the August storms.

Damage principally was confined to gravel roads,
bridges, culverts, and shoulders of paved roads. A
railroad bridge in Meredith suffered substantial ero-
sional damage. No unregulated flood-determination
sites were in the area near Meredith, so the recurrence
interval of the flood in Meredith could not be deter-
mined. Total estimated damage to public facilities was
about $1.2 million (Federal Emergency Management
Agency, 1990).

REFERENCE

Federal Emergency Management Agency, 1990, Hazard
mitigation survey team report: FEMA-876-DR-NH,
September 1990, 19 p.
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Figure 37. Precipitation for storm of August 7-8, 1990, in New Hampshire (Federal Emergency Management
Agency, 1990).
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Table 33. Total precipitation, August 17-22, 1990, in eastern lowa

[Data from National Oceanic and Atmospheric Administration, 1990]

(sf:t: ::) Precipitation data site Pr?ic:‘rgﬁtzl)on
Turkey River Basin
1 Waucoma 4.87
Little Maquoketa River Basin
2 Dubuque Lock and Dam 11 5.17
3 Dubuque WSO AP 6.23
4 Guttenberg Lock and Dam 10 5.88
Maquoketa River Basin
5 Cascade 5.40
Wapsipinicon River Basin
6 De Witt 4.78
Crow Creek Basin
7 Le Claire Lock and Dam 14 8.10
Iowa River Basin
8 Northwood 7.07
9 Tipton 6.62
10 Williamsburg 4.96
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Figure 42. Stage hydrograph of Sybille Creek on August 20-21, 1990, southeastern Wyoming.
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Flood of September 5-6, 1990, in Northeastern Minnesota and Extreme Northwestern Wisconsin



were the Potlatch Company paper mill in Cloquetand ~ ages to the Potlatch Company in Cloquet or to the
Luigino's Pasta plant in Duluth, which was being read-  Luigino's Pasta plant in Duluth, but indications are
ied for starting operations when floodwaters arrived. that those damages were more than $1 million.

At these companies, large electric motors and other

machines were submerged when buildings were

flooded by local runoff. Palmer Peterson (Carlton REFERENCES

County Emergency Management Coordinator, oral

commun., 1991) reported total damages of $325,000 Hershfield, D.M., 1961, Rainfall frequency atlas of the

to 78 homes, 12 of which had structural damage. Dam- United States: U.S. Department of Commerce,

age to the roadway system maintained by Carlton Weather Bureau, Technical Paper no. 40, 115 p.
County was estimated at $1,025,000. In addition, the Hertzel, Laurie, Sept. 7, 1990, Storm wreaks havoc on
Minnesota Department of Transportation estimated Carlton County: Duluth News-Tribune, v. 121,
cost to repair damage to the State Trunk Highway Sys- no. 152, p. 1A.

tem from this storm at $331,000 (Steve Bayer, Minne-  Minnesota Department of Natural Resources, September
sota Department of Transportation, oral commun., 1990, Flash flood in Duluth area, September 5-6,
1991). No dollar estimates were released for the dam- 1990: State Climatology Office, 1 p.
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Floods of October 10-15, 1990, in
South Carolina

By Curtis L. Sanders, Jr.

Excessive rains during October 1990 in central and western South Carolina
resulted from the passage of two cold fronts that were combined with remnants of
Tropical Storms Klaus and Marco. For October 10-12, an unofficial rainfall total
of nearly 17 inches was reported for Rembert, South Carolina. In the Pee Dee and
Santee River Basins, the 2- to 4-hour rainfall ending at 7:00 a.m. on October 11
was the most intense for the period. Rainfall amounts officially reported for Octo-
ber 11 were: Camden, 9.62 inches; Catawba, 4.36 inches; Kershaw, 9.85 inches;
and Orangeburg, 9.99 inches. Rainfall reported for October 12 at Spartanburg
was 8.40 inches. Rainfall for the Savannah River Basin was the most intense for
the period 7 to 8 a.m. October 11 through 7 to 8 a.m. October 13. Rainfall
amounts for selected sites for this period were: Aiken, 8.00 inches; Clarks Hill,
10.80 inches; Edgefield, 6.57 inches; Greenwood, 4.85 inches; and McCormick,
8.25 inches (National Oceanic and Atmospheric Administration, 1990).

The most intense rainfall was very localized and caused record discharges on
streams with small drainage basins. Streams with drainage areas greater than
200 square miles did not have discharges exceeding those of a 50-year recurrence
interval.

Flood data for selected sites (fig. 44) in the Pee Dee, Santee, and Savannah
River Basins are shown in table 37. The most extreme flooding occurred on Ant-
ley Spring Branch at Southern Railroad near St. Matthews (site 10, fig. 44), where
the ratio of maximum discharge to the 100-year recurrence-interval discharge was
3.0. Ratios for four other sites equalled or exceeded 2.0 (sites 1, 2, 4, and 6).

In the Pee Dee and Santee River Basins, the floods caused five deaths (four of
them in one automobile near Camden) and washed out or caused the closing of
more than 120 bridges on secondary road systems. Seventeen earthen dams
failed, and 81 were damaged from overtopping. Thirteen counties were declared
Federal disaster areas (George Ballentine, South Carolina Department of Health
and Environmental Control, oral commun., 1994).

REFERENCE

National Oceanic and Atmospheric Administration, 1990, Climatological data, South
Carolina, October 1990: Asheville, N.C., National Climatic Data Center, v. 93,
no. 10, 15 p.
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Figure 47. Daily precipitation at Mud Mountain Dam, Washington, October and November 1990.
(data from National Oceanic and Atmospheric Administration, 1990a,b).

Table 39. Precipitation totals for November 7-11 and
November 21-25, 1990, at precipitation data sites in
western Washington

[Data from National Oceanic and Atmospheric Administration, 1990b]

Site
no. Precipitation, in inches
(fig. November November
46) Precipitation data site 7-11 21-25

1  Grays River Hatchery 3.12 8.10

2 Centralia 1.15 6.06

3  Clearwater 6.59 8.05

4  Rainer Ohanapecosh 2.59 4.51

5  Mud Mountain Dam 2.70 4.96

6  Tolt South Fork 6.24 7.30

Reservoir

7  Arlington 241 4.86

8  Stevens Pass 8.75 14.40

9  Lake Wenatchee 3.16 7.53
10  Diablo Dam 13.25 15.44

Olympic Mountains. The maximum discharge of
November 10 on the Quinault River (site 9) slightly
exceeded that of November 24.

The November 23-26 flooding generally was
more severe and more widespread than the flooding
earlier in the month. The most severe
November 23-26 flooding in Washington occurred in
the Duwamish, Lake Washington, Snohomish, and
Wenatchee River Basins. The flood hydrograph for the
Wenatchee River at Plain (site 40) is shown in figure
50. Maximum discharges on the Snohomish River
near Monroe (site 33) and on three rivers in the
Wenatchee Basin (site 40-42) equalled or exceeded
the 100-year discharge. The floodflow of the
Wenatchee River at Plain was 1.3 times greater than
the discharge having a 100-year recurrence interval.
The largest discharges known occurred November 24
or 25 at 12 flood-determination sites (table 40).

Floods of November 1990 in Western Washington 139
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Figure 48. Daily precipitation at Diablo Dam, Washington, October and November 1990 (data
from National Oceanic and Atmospheric Administration, 1990a,b).

DAMAGES

No final damage figures were available for the
November 1990 flooding. All damage figures dis-
cussed are based on preliminary estimates as presented
by the National Oceanic and Atmospheric Administra-
tion (1991).

Extensive damages occurred as a result of the
flooding on November 9-11, 1990. The Governor of
Washington declared a state of emergency in Grays
Harbor, King, Skagit, Snohomish, and Whatcom
Counties. The floodwaters of the Skagit River
breached levees on Fir Island at the mouth of the river;
approximately 500 people were evacuated, and about
170 homes and farms were flooded. In Snohomish
County, about 200 people were displaced from their
homes. In Whatcom County, more than 1,000 people
on Gooseberry Point and Lummi Island were isolated

for a week. The Governor of Washington estimated
total flood damages at about $42 million. Total dam-
ages to homes in Skagit, Snohomish, and Whatcom
Counties were $14 million, and damage to public
works was about $24 million. Damages to homes in
Skagit County were about $8 million and in Whatcom
County about $4 million.

Two lives were lost as a direct result of the flood-
ing on November 23-26, 1990. Large amounts of
resources were expended for rescuing and evacuating
about 2,000 residents from flooded areas. Some resi-
dents of Fir Island on the Skagit River were evacuated
to escape rising floodwaters for the second time during
the month of November. Thousands of homes were
flooded in the affected areas; 42 homes were totally
destroyed. Early estimates of damages to homes, farm
structures, farm crops, livestock, roads, dikes, high-

140 Summary of Floods in the United States During 1990 and 1991
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Floods of November 1990 in Western Washington
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Summary of Floods in the United States During 1990 and 1991
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